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(54) A method of reducing echo in a digital switching system and a digital hybrid therefor 

(57) A method and digital hybrid circuit apparatus is disclosed for connecting a near end subscriber to a far 
end subscnber with the near end subscriber providing a digital input signal V, which undesirably contains 
an interfenng echo signal e(T). This signal is transmitted to a connected far end subscriber which far end 
subscnber provides a far end digital input signal for reception by the near end subscriber. In order to 
eliminate the echo signal, first Hj,{f) and second Ha(f) programmable coefficient digital filters have an input 
to receive the far end digital signal with the outputs of the filters coupled to an input of an adder 12 16 
with one input of each adder to receive the near end input signal, means 20 is provided for programminq 
each of the filters with a different set of coefficients and logic means 25 are coupled to the output of the 
adders for comparing the average power output of each of the adders and means for selecting that filter 
and adder which provides the lowest value of average power and to employ those coefficients in filter H (f) 
to thereby provide an output signal to be transmitted to the far end subscriber which contains a minimum 
level of the interfering echo signal. 
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SPECIFICATION 



A method of reducing echo in a digital switching system and a digital hybrid therefor 

riIlL'^''h!hHVr^"''°" '®'^'^f 'u ^^'^Pl^o^e «"« <='>cuits in general and more particutarly to a 
digital hybnd for use in a telephone line circuit. paiuv-uiany lo a 



with the advent of digital exchanges in the local telephone network there is a need for h*.ftor 
and more accurate balancing of the hybrid used for 2- to 4-wirG conversfon Jhan thol ^.^^n" 

uch :;:^:^Lir.:^:^^^^^ has been widely employed dul to the fact that 



20 



25 



te^ct oue'^"^^^ ^^"/r"'^ '^^^^ analog and drg];a77;;a^':n7f:Xrror^^ Lti, z ngTgirar 
techniques many of the components of such systems can be integrated 5m examole of a 
widely employed digital communication system is designated as thi ItT 12^0 S| Exchanqe 
Such systems employ 4-wire lines whereby two lines are used for transmission and S un^c 
15 for reception. In any event, a subscriber line is a 2-wire line The Tnes are used to 2fm!^L 
ously transmit and receive. Hence, in order to convert the 2-J!iJe £ to a Sfre Vra 
.s emptoyed. Such hybnds are well known and have been described in many publications ^ 

See for example, our U.S. Patent No. 4.161,633 entitled SUBSCRIBER UNE/-mUNK CIRCUIT 
That patent shows a 2- to 4-wire converter or hybrid. The hybrid circuit must accurS 
balanced especially when transmitting and receiving digital data. Basically ^here have bee? Ln 
approaches to accurate balancing of the hybrid-one to select the bS one om of M availa^^^ 
a^LX"ero°;tSLr.'^^^^ ^ «-P'°V an aLtom'^ti^^Sr ' 

_ As one can ascertain the magnitude of the echo that a talker hears depends on the echo oath 
loss. This .s the sum of the return loss at the distant hybrid and the round trip toss in the 
circuit. The subscriber's tolerance of echo depends not only on the echo magnitude but a^o on 

sidetone, but longer delayed echoes are extremely disturbing. Hence, if the delav cannot be 

30 mnr^ ' ^""^ ' T'" '^^''"'^^ ""P~^«'' ^y impedance batencing there roS one 

^7! commonly known vvay to make the echo tolerable. Thus, in certain conventfonaf tich- 
niques, the echo magnitude was decreased by increasing the electrical loss bv the ta^kef «nH th» 

-i^ r. I" '"t ""^r approaches as indicated above, in order to select one out of M balancino 

35 networks, the system engineers must measure the subscriber line characteTstS^ri order to rSake 
a decision as to which one to select. The use of the adaptive echo canceller was Tmactl^eTn 
the sense that it did not require measurement of the subscriber line characteri«L anTirorovW^H 
an accurate balancing. However, it is extremely expensive due to the facrthat it co^stitutera 
40 Thfif th^ ^°"?P''^^»%d °ne such circuit has to be included in each subscribe Sne 

40 Thus the problem of eliminating echos with the use of the adaptive echo cancenernrnviH« 
satisfactory results but is an expensive way of implementation ^ '^^^ 

The previously mentioned patent offers a solution which employs digital filters Therein anv 
im^^^^nf 7^"^"/'^ eliminated by a digital filter and a digital subtraction echn ^e t^^ 
imptemented under the control of a microprocessor wherein the return signal is contCfuoSslv 
45 subtracted from the sum of the forward and return signals to eliminate uS3esi?erreSon 
signals which signals are primarily responsible for echoes reriection 

nn^n'^rf"^'^' l^^ ^'^^u"! '"^e^^'O" ^eeks to provide a hybrid balancing scheme which is based 
upon a sem.-autornat.c balancing approach. The concept of the approach is to select the best 
O th. niiH°/ ^ "''"'^'"^ balance networks in a semi-automatic process. This approac" obviates 
hln^f / measurement of the subscriber line characteristics. The implememation of M 
Sfaft^f h H H°'^^ .s accomplished by employing a programmable digital filter referred to as a 
digital hybrid and which has M sets of filter coefficients rererrea to as a 

The use of digital filters is extremely well known. A description of the general desion of such 
filters may be found in a test entitled DIGITAL PROCESSING OF SIGNALS B GolH ^nH^r^ 
and°h" Lab Publication. McGraw-Hill, 1969. Essentially, TdrgSl fH er employs ml^^^^^ 
and basic delay elements to implement a given transfer function. The deSgn of sS Srs as 
employed in telephone line circuits is well known as is the nature of the e?So signals 

According to a first aspect of the invention there is provided a digital hybrid a^oaratus for u^p 

60 '^L Th"T ir ^ ^'9'^^' ^^'^'^^'■"a network for connectinrrnear enS suScribe^^ 

60 a far end subscriber, in which the near end subscriber provides a digital inrnt stonal which 

ersubs'^h"''''"""^' "'^^^ to a^onnected far enTsubsclLr whth far 

end subscriber provides a far end digital input signal for reception by the near end sLb^criber 
the apparatus comprising first and second programmable coefficient digital Iftert eacS havSo 

65 coun'lTt* " ^^""'^^ '° ^^^^'"^ -^'a'^^' ^'9"^'^' the oSSuts of wS Sfter^are 

65 coupled to an input of an associated adder and another input of each adder is adapted o 
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receive the near end input signal, means for programming each of the filters with a different set 

no«,»r f"?' i*'^'^'"^'"! '° °^ ^dd^--^ comparing the avSge 

power output of each of the adders and means for selecting that filter and adder such that the 
set of coefficients provides the lowest value of average power 

According to a second aspect of the invention there is provided a digital hybrid apparatus for E 
use in a line circuit employed in a digital switching network for connecting a near end subscriber 
to a far end subscnber, in which the near end subscriber provides a digitll injursfgnal wWch 
undesirably contains an interfering echo signal for transmission to a connected far end subscriber 
which far end subscnber provides a far end digital input signal for reception by the near en^ 
fit f^H ^ first programmable digital filter means having an input for receiving the 10 

far end d.grtal signal, means for providing at an output a first filtered signal indicative of^S? 

"'^?f ' ^ "^''^^ '^"^'"9 '"P"* ^^sPonsive to the near enJ SaMnp^ 
signal, and a second input coupled to the output of the first digital filter to provide at an Output 
of the first adder a first signal indicative of the difference between the input siqnals a second 
programmable digital filter means having an input for receiving the far enTdig^rs gnd^ 15 

t'.^Tl\7 ^" ^'^^"'^ ^'9"^' '"d'^^^^'v^ °^ interfering echo ??gnal a 

second adder having one input responsive to the near end digital input signal and a second inout 
coupled to the output of the second digital filter to provide at an output Zf the second aSder S 
20 coXlnrl'"'''''^''^\°' difference between the input signals, means for changing Sfe 
th. T '"^^"^ ^T^- ^"P't'^ '° ^^'^^"^ programmable filters tl program 

the coefficients associated with each of the filters, logic means coupled to the outputs of th^ 
first and second adders to compare the values of the first and second signals to select a se? of 

Z'^^I'Th '""r °' "^'^""^ ^'^''^^ P^°^'^«^ -^'^-^^t app?oxiLt1on to the echo 

25 f I? ""^^"^ programming the selected coefficients into one of the first or second 
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According to a third aspect of the invention there is provided a method of reducing the 
.nterfenng effect of an echo signal generated by a connection between a near end subscriber 
r^iovf subscriber in a digital switching system wherein the near end subscriber proSes 
30 l^TlT^"^ ^T" Z^"*" "'9""' transmission to the far end subscriber 

30 which far end subscriber provides a far end digital input signal for reception by the near end 30 
Tnoutr^f r '=?'"P"«'"9 the steps of applying the far end digital inpm slgJaf to tSe 

inputs of first and second programmable digital filters, summing each of the outputs of the first 
and second programmable filters with the near end digital signals, programming ^e first and 
3^ fifr^r'^i'^r """^ coefficients, comparing the summed ouVuts o^the Lt 

35 filter wrth the second filter for each of the M coefficients, and selecting the summed outpw of 35 

In order that the invention and its various other preferred features may be understood more 

4n I' ^" ^•^''°*"['«"t f^^^^^f "ow be described, by way of example only, wth reference to 

no S^^n^^' T '"^^L^ ^'^"'^ °' ""^'■'^^ ^ '""'^'^ ^'^9^^'" °^ ^ d'g'tal hybrid B^^Zus embo^ 40 
ing the pnnciples of the present invention. wuuoay 

m JnttiTirrh" °^ • ^^"'J "'.''■''"'^ *° °' '^^"'^^ e'^ho signal as previously 

J^^hl ^ ^- kI^ particulariy important in digital systems, as previously explained, and it is 
45 Sren'^nri^n^arfa^^^ w'^^- '-roducing adJ?tiona, 'attenu^t'iln 

Referring to the drawing, an input terminal A receives an input signal from a near end talker or 

^^Zr^ln^f^"":^^': ^'^^ ='9"^' subscriber is applied to one inpw of an 

adder 10. Another input to the adder 10 is obtained from a digital filter 1 1 which"s a 
programmab e filter. Programmable digital filters are well known in the art and are desiqnated as 
programmable filters due to the fact that the filter coefficients or constants can be chained or 50 
programmed according to the desires of the user " cnanged or 50 

thf fi^^or" ''''^"''"9 is a memory module 20. The memory module, which may be part of 

chanal t'hff"^^^ '° coefficients for the programmable filter, such as filter 11 and to 

55 rrS^prsr/u;'?n%rSprS ?hTf£^ " ^" '^^"^"^^"^ °^ ^^-^^'"9 - a digitalt;^ 

The output from the filter 1 1 is the echo signal designated as e(T). As can be seen from the 
drawing, the input signal at terminal A will have impressed thereoi a signaf which the ^ho 

Xt'of t^" V^xt ""''"'^ T""''^^ ^'^^ '""^ '"P"^ ^'9"^' according^to the well known 
^Hdf 1? ?h ^T"' ^^^^^ impressed upon the input of an additional 

fiftJ li TS^dS Tnt '"P^i' '■^"^'"'"9 a signal from a primary programmabte digl al 

thJtit f !f^'".^'<=ated, is also programmable and has its coefficients applied 

JormiL R h°1! the memory 20. The inputs to digital filters 1 1 and 14 are derived from 
terminal B which is the digital input signal from the far end subscriber 
fiR iR !o i"* P'-og'-ammable filter 15 is also shown and. Is in parallel with filter 14. The digital filter 
65 15 IS also programmable and is associated with an adder circuit 16. A first input to Sie adder 65 
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from/hf'"^!?^ °* r"^^^' '^^^ second input is from the digital filter 15. The output 

fromtddlf Iz''''""^ '° °' " "'°dule'25 which also recSs'the 

The output of adder 12 is the digitaf output signal at the transmit side of the line which is the 
s gnal emanatmg and due to the primary hybrid filter 14. Each filter is des^nated byTienera 5 
transfer characteristic such as filter 1 1 H,(f), filter 14 H,(f) and filter H,(f). As S be explaS 
the circuit functions such that the decision loaic 25 select<5 th*. filter ^J,i«i • 7 x ^'^P'^'necJ, 
filter 14 such that the selected coefficiems reTucf th^'rcil^^nS in ^^^^^ 

tS!^ T^^^^^^t'^T °f fil^^^ 14 filter IsTappS ^fa the 

acJj,%n^or 'i?' '° "''"^'^ ^"^^^ ^'^^ ^'--^ approxim'a'ti'on tTtJe' io 

Upon determining this, the decision logic then causes those coefficients to be used in the 
^rri^lf S processing of the signal and to substantially reduce echo interference As 

seen ,n the drawing the various signals at pertinent points in the circuit are indicated Sn the 
dLS- ^- ''"""'P'^ components shown in the drawing Ts as fl tows ihe 15 

descnption given below is a mathematical analysis of the ooeration of tho <str.;Xr,.,I JI, ■ u 
drawing where the relationships as designated^n the dra Jn^J aj^givln as fX^^^^ " 

VRx(nT): Digital input signal from the far-end 
20 taker 

VTx(nT): Digital output signal at the transmit 

side right after the primary hybrid filter H.{f) 
e(T): Echo signal 

y.(T): Input signal from the near-end tallcer 
25 e(nT): Digital echo estimate from HJf) 

V'rx(nT), e'{nT): Digital output signal and echo 

estimate with the secondary hybrid filter Half) 
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The signal VtX is then given by: 

VTx(nT)=V.(nT)+(e(nT-g(nT)) 30 
= V. (nT)-fr(nT) 

where r(nT) represents the residual echo signal (or. in other words the leakaa,. of v /nT» tk 

SoSble' °' "'^'^^ ''^ ^'^^^ - cTose^rimif ' 35 

aiVhritofr^/f?.® ^ subtractive adder, subtracts the echo signal developed 

at the output of filter 14 from the signal applied to the input of the adder 12 and her^ce 

40 sTnr'S''ar;%"(n%'and'rin°T)"a'^^^^ are twoTnS^pendent 

tTSan'sqI'rrd'Te'Jef of t^s'^iven "b? ''"^ "° ^^^^^^^^ Consequently. 40 



minfmr«c-v fP*"""'" °f ^^e hybrid coefficients set can be made be selecting one which 45 

n^n .H^^ ^''^'^l^ 1°""^' ^ ''^"^^^ is not affected by the chok^e 

In an adaptive approach, the coefficients of the digital hybrid are continuously uodatld in a 
direc .on to minimize V,,^ through the computation of a gradient vector comnoLd^S L rm 
50 ZTbT" and time-delayed receive Jgnals appea^^^^^ 

.00 taps. But in this application, instead of updating individual filter coefficients the circiJ^t simoTv 

compares the results from two different sets of coefficients and gives an indication of wWch on. 
Itl^ctH^th "5 " 'r^'°a»'°"' the supervising software can main?ain the set of coefS^i^n^s ° 
selected thus far ,n the pnmary hybrid filter and continue the comparison by ioadrng a new set 
of coefficients in the second hybrid filter until it exhausts M prescribed coefficient sets 

Decision Logic ^5 
lev°^tre°gJven''byr^ ^^"^ ^^^P^^^'^^'V' '""^ corresponding average signal power 
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n=0 
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N-1 

20 Z [Vl-d y(n) + y'(n)][Vl-d y{n)-y'(n)]^0 

ford<<1, Vl-d 1-1/2d 
25 The above expression is again equivalent to 



10 



Z^Z'^ 1^ V^^ number of samples to average over. The selection algorithm for the new digital 
hybrid is then given as follows: ^ 

Select He(f) if (P-^Pl/P^d where d is a fixed threshold level (d>o). Otherwise, select H (f) 
IrP'^n fi ?o"sider one way to implement the above selection algorithm. Note that 
1 5 (P-PO/P>:d IS equivalent to: 

P-P'>d P 15 
{1-d)P-P'>:0 



20 



25 



N-1 

^ IVin)- 1 /2d.y{n) +y'(n)][y{n)- 1 /2d.y{n)-. . 
n=0 

30 

/(n)]>0 3^ 
By constraining d to be of the form 2\ it finally becomes: 
35 N-1 

^ [y{n)-2-"' ' y(n) H- y'(n)] [y(n)-2 • " 
n=0 



y(n)-y'(n)]^0 

40 

Like adaptive echo cancellers, the semi-automatic digital hybrid depends on the incoming 
ifT^"" "nnS T^H*"? ^ ^"'"^"^ selection decision. The above comparison is therefore valid only 
If the quality of the incoming signal exceeds a certain threshold level. For example the best 
signal to be expected for the selection purpose is a white noise and the worst a single tone 
end taliT^'^ d ^'9"^' corrupted by the signal or noise from the near- 
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45 



On denoting: 



50 



N-1 

u = (1/N) 

n=0 



55 "p== 



0^n<(N-l) 



V^(nT) 
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The conditions under which the comparison between the primary and secondary hybrid filters 
IS valid are given as follows: . 

(i) check for minimum level: u>U(, 

(ii) check for signal bandwidth: Up>:>l1" 

5 (liO check for double talking: v<A2U g 

where u^l and A2 are threshold parameters. Initially, A1 and A2 may be set to two and one 
respectively. 

Having made the comparison and checked the validity of the incoming signal the decision 
logic gtves an indication of one of the following three states: 

sJ<!o^^ Comparison complete; update the coefficients of the primary filter with those of the 10 

(h) Slate N. Comparison complete; no updating needed, 
(m) Slate 2: Comparison incomplete; wait until comparison is completed. 
As can be soen from the above, the decision logic is a relatively simple circuit which can be 
15 ea&ity .nplementod by a microprocessor. The. format to be followed based on the above can be 15 
implemented by many software programs within the scope of those skilled in the art 

Essentially, tho decision logic circuit 25 operates as follows. The decision logic circuit com- 
pares tfw output stgnal from adder 16 with the output signal from adder 12. If the signal from 
adder 16 is greater lhan the signal from adder 12, it will then command the memory 20 to load 
20 the next of coefficients into filter 15. This essentially is the operation described in coniunc- 20 
lion vmh State P. In State N there is no updating required which means that after comparison 
the output from adder 12 is less than the output from adder 16 which means that the 
cocffioonts tn filler 14 are closer to the desired values than the coefficients in filter 15 Hence 
dunng State N. a fM?w state of coefficients is again loaded into filter 15. In the State Z the 
25 conr^nson ts incomplete and hence the system does not change filter coefficients until a 25 
companson is complete. 

After tho complete set of coefficients, as stored in memory 20, has been exhausted the 
decision k>gic instructs the memory module 20 to insert those coefficients in filter 14 which 
result « tho towesi echo signal. The system operates on a realtime basis, and hence the 
30 coefficients are constantly being changed whereby the filter 14 will always have impressed 30 
thereon Um optimum set of coefficients based on the particular signal received. 

The above noted checks regarding level bandwidth and double talking, as above indicated are 
also implemented by the decision logic circuit which again, as indicated, may be a software' 
program which essentially solves the above noted equations. 
35 As seen, the decision logic has impressed upon inputs the digital input signal from the far end 35 
subscriber as well as the digital output signal from the near end subscriber 

Hence tho above noted equations can be solved based on the conditions specified above 
Therefore, the above comparison is valid due to the fact that the decision logic circuit 25 checks 
the validity the incoming signal before indicating one of the three possible states. 
40 The improved digital hybrid consists of two identical digital filter blocks, each of which is 40 
programmable and each of which interfaces with a decision logic block. The filter blocks are 
loaded with two different sets of hybrid coefficients and the decision logic will provide an 
indication of which filter to select. This feature enables the supervising software to select the 
best one out of the M available coefficient sets under nomnal operating conditions as when a call 
45 IS in progress. The decision logic operates to compare the two sets of coefficients at a time 45 
and, as will be expalined, selects the best set of coefficients and uses that set to soecifv the 
characteristics of the programmable filter. k y c 

CLAIMS 

50 1. A digital hybrid apparatus for use in a line circuit employed in a digital switching network 50 
for connecting a near end subscriber to a far end subscriber, in which the near end subscriber 
provides a digital input signal which contains an interfering echo signal for transmission to a 
connected far end subscriber which far end subscriber provides a far end digital input signal for 
reception by the near end subscriber, the apparatus comprising first and second programmable 

55 coefficient digital filters each having one input which is adapted to receive the far end diqital 55 
signals the outputs of which filters are coupled to an input of an associated adder and another 
input of each adder is adapted to receive the near end input signal, means for programminq 
each of the filters with a different set of coefficients, logic means coupled to the output of the 

«n fu X? comparing the average power output of each of the adders and means for selectinq 

60 that filter and adder such that the set of coefficients provides the lowest value of averaae 
power. ^ 

2. An apparatus as claimed in claim 1, wherein the filter programming means includes a 
memory for storing therein a set of M filter coefficients of the filters. 
^rr \ apparatus as claimed in claim 1 or 2, wherein one of the adders is used to connect to 
bo the far end subscriber. 
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4. An apparatus as claimed in claim 3, wherein the filter associated with the other adder is 
programmed with the M coefficients, the logic means including means for transferring the 
selected coefficients to the other filter associated with said one of the adders 

5. a digital hybrid apparatus for use in a line circuit employed in a digital switching networic 
for connecting a near end subscriber to a far end subscriber, in which the near end subscriber 
provides a digital input signal which undesirably contains an interfering echo signal for transmis- 
sion to a connected far end subscriber which far end subscriber provides a far end digital input 
signal for reception by the near end subscriber, comprising a first programmable digital filter 
means having an input for receiving the far end digital signal, means for providing at an output a 
first filtered signal indicative of the interfering echo signal, a first adder having one input 
responsive to the near end digital input signal, and a second input coupled to the output of the 
first digital filter to provide at an output of the first adder a first signal indicative of the 
difference between the input signals, a second programmable digital filter means having an input 
for receiving the far end digital signal, means for providing at an output a second filtered sianal 
indicative of the interfering echo signal, a second adder having one input responsive to the near 15 
end digital input signal and a second input coupled to the output of the second digital filter to 
provide at an output of the second adder a second signal indicative of the difference between 

the input signals, means for changing the coefficients, the means being coupled to the first and 
second programmable filters to program the coefficients associated with each of the filters logic 

20 means coupled to the outputs of the first and second adders to compare the values of the first 20 
and second signals to select a set of coefficients from the first or second filter which provides 
the closest approximation to the echo signal, and means for programming the selected coeffici- 
ents into one of the first or second filters. 
^" -^"^^pparatus as claimed in claim 5. wherein the coefficient changing means comprises a 

25 memory having stored therein a set of coefficients for each of the first and second filters 25 

7. An apparatus as claimed in claim 5 or 6, wherein the logic means is operative to comoare 
the effective power of the first and second signals to select the coefficients according to the 
minimum power level contained in the first and second signals. 

8. An apparatus as claimed in any one of claims 5 to 7. wherein the selected coefficients are 

30 programmed into the first filter in accordance with the output of the first adder coupled to the 30 
far end subscriber. *^ 

9. An apparatus as claimed in any one of claims 1 to 4 or 8. wherein the comparison of 
power IS implemented according to the following relationship: 

35 ^ ,>d 3g 

where 

p=average power from signal at output of a first adder; 
p'=average power from signal at output of a second adder; and 
40 d=a threshold level greater than zero. ^ 

10. A digital hybrid apparatus substantially as described herein with reference to the drawinq 

11. a method of reducing the interfering effect of an echo signal generated by a connection 
between a near end subscriber and a far end subscriber in a digital switching system wherein 
the near end subscriber provides a digital input signal which contains the echo signal transmis- 

45 sion to the far end subscriber which far end subscriber provides a far end digital input signal for 45 
reception by the near end subscriber, the method comprising the steps of applying the far end 
digital input signal to the inputs first and second programmable digital filters, summing each of 
the outputs of the first and second programmable filters with the near end digital signals 
prograniming the first and second filters with a set of M different coefficients, comparing the 

50 summed outputs of the first filter with the second filter for each of the M coefficients and 50 
selecting the summed output of the first or second filter which provides the lowest signal power 
level to select one of the M coefficients for one of the filters. 

12. A method as claimed in claim 11, wherein the step of comparing the outputs of the first 
and second filters includes the step of calculating the power output of the first and second 

Q5 summed signals, comparing the power levels according to:- 55 

P=P^ p^d 
where 

60 p= power level of the first summed signal, go 
p'=power level of the second summed signal. 

d=threshold constant greater than zero, and selecting the lower of said power levels to 
specify said first or second filter coefficients. 

• method as claimed in claim 12. including the steps of first checking the far end input 

65 signal for level according to whether u>u„ based on the following relationship- 65 
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OJ = (1/N) 2 

5 n=0 



V^(nT) 



wherein N is a positive integer greater than one. 

^^'^•^ method as claimed in claim 13, including the step of checking the signal bandwidth 
10 according to whether Up^A^u based on the following relationship: 



Up = max 



15 



Vjy^(nT) 



where A1«a positive integer. 

^ ^^^^od as claimed in claim 14, including the step of further checking for double 
20 talking according to whether v<A2" based on the following relationship: 



25 



V - (1/N) 



N-l 
n=0 



wherein 
A2=a positive integer, 

30 16. A method of reducing the effect of an echo signal in a digital switching system substan- 
tially as descnbed herein. 
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